In this paper we study the flow and heat transfer characteristics of a viscous fluid over a nonlinearly stretching sheet in the presence of non-uniform heat source and variable wall temperature. A similarity transformation is used to transform the governing partial differential equations to a system of nonlinear ordinary differential equations. An efficient numerical shooting technique with a fourth-order Runge-Kutta scheme is used to obtain the solution of the boundary value problem. The effects of various parameters 
Introduction
The viscous flow over a stretching sheet has important industrial applications. For example, in metallurgical processes, such as drawing of continuous filaments through quiescent fluids, annealing and tinning of copper wires, glass blowing, manufacturing of plastic and rubber sheets, crystal growing, continuous cooling and fibers spinning, the sheets are stretched continuously. During the manufacture of these sheets, the melt issues from a slit and is subsequently stretched to achieve the desired thickness. The final product with desired characteristics strictly depends upon the stretching rate, the rate of cooling in the process, and the process of stretching. In view of these applications, Sakiadis [1, 2] studied the boundary layer flow over a stretched surface. He employed a similarity transformation and obtained a numerical solution for the problem.
Later, Erickson et al. [3] extended the work of Sakiadis [2] to account for mass transfer at the stretched surface. The two dimensional boundary layer flow caused by a linear stretching sheet in an otherwise quiescent fluid was first discussed by Crane [4] . He obtained a closed form exponential solution. Singh [5] studied the effect of non-uniform heat source on hydromagnetic convective flow of a viscoelastic fluid. Grubka and Bobba [6] studied the heat transfer characteristics of a continuous stretching surface with variable temperature. Abel and Nandeppanavar [7] [8] [9] studied the effect of non-uniform heat source on viscoelastic boundary layer flows. Further, Abel et al. [10] investigated the effects of viscous dissipation and non-uniform heat source. Abel and Mahesha [11] studied the effects of non-uniform heat source with variable thermal conductivity. Ali [12] investigated the effects of power law index on heat transfer characteristics of a power law fluid flow. Tsai et al. [13] investigated the effects of non-uniform heat source on unsteady stretching sheet.
However, all these studies are restricted to linear stretching of the sheet. It is worth mentioning that the stretching is not necessarily linear. In view of this, Kumaran and Ramanaih [14] studied flow over a quadratic stretching sheet. Magyari and Keller [15] , Elbashbeshy [16] , Khan and Sanjayanand [17] , Sanjayanand and Khan [18] , Sajid and Hayat [19] , Partha et al. [20] studied the heat transfer characteristics of viscous and viscoelastic fluid flows over an exponentially stretching sheet. Vajravelu [21] , Vajravelu and Cannon [22] , and Cortell [23] [24] [25] studied the effects of various parameters governing the flow of a viscous fluid over a nonlinearly stretching sheet. In all these studies with nonlinear stretching sheet, the authors ignored the effects of the heat source, which is very important in exothermic and endothermic processes. Hence in this paper we investigate the effects of non-uniform heat source as in Eq. (4), (which can bring out the effects of exothermic process and the effects of electrical heating) and the variable wall temperature on the heat transfer characteristics of a viscous fluid over a nonlinearly stretching sheet.
Mathematical formulation of the problem
Consider the two dimensional flow of an incompressible viscous fluid over a stretching surface. The x-axis is taken along the stretching surface in the direction of the motion and the y-axis is perpendicular to it; see for details [21] and Fig. 1(a,b) . It may be noted that the Navier-Stokes equations are elliptic, but when we use the boundary layer approximation they become parabolic. Hence, under the usual boundary layer approximations, the flow and heat transfer problems with non-uniform heat sources are governed by the following equations:
where x and y denote the cartesian coordinates along and normal to the sheet, respectively, u and v are the velocity components of the fluid in the x and y directions, respectively, ρ is the fluid density,
is the kinematic viscosity, µ is the viscosity, T is the temperature, k is the thermal conductivity, and p c is the specific heat at constant pressure.
q′′′ is the non-uniform heat source, which is modeled as: 
where b and n are parameters related to the surface stretching velocity. Introducing new similarity variables
and upon substitution of these similarity transformations into Eqs. (1), (2) 
with the boundary conditions
Similarly upon substitution of similarity variables in Eq. (6) into Eq. (3) we obtain 
The shear stress at the wall is given by 
The local wall heat flux is defined as
Since there is no exact solution for the nonlinearly stretching boundary value problem, we opt for an efficient shooting technique with a fourth-order Runge-Kutta scheme.
Numerical solution
Analytical solution for the flow problem with 1 n ≠ does not exist so consequently, one has to use a numerical technique. The nonlinear differential Eqs. (7) and (9) with boundary conditions (8) and (10) 
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where 0 is employed for the computational purposes and the error tolerance of 6 
10
− is being used.
Analytical solution (a special case)
In this special case, we investigate the solution of Eqs. (7) and (9) with the boundary conditions (8) and (10), when 1 n = and 2 λ = as follows:
Solution of the momentum equation
Substituting 1 n = into Eq. (7), we obtain the momentum boundary layer equation as: 
The momentum boundary layer Eq. (15) 
Solution of thermal boundary layer equation
Similarly, when 1 n = and 2 λ = , the governing thermal boundary layer Eq. (9) 
Analytical solution for the differential equation (18) 
Results and discussion
Heat transfer characteristics of the viscous boundary layer flow over a nonlinearly stretching sheet with non-uniform heat source are investigated. The shooting technique with a fourth-order Runge-Kutta scheme is employed to obtain the solution for the oneway coupled nonlinear boundary value problem. Also, as a special case, we obtained an The effects of the physical parameters involved in the heat transfer analysis are depicted in Figs. 2 through 6 . The influence of the power-law index n is depicted in Fig. 2 . From this figure it is clear that as the nonlinear stretching parameter n increases, an increase in temperature occurs. The effect of the parameter λ on heat transfer is typical as in Grubka and Bobba [6] , which is presented in Fig. 3 . From this figure it can be seen that, the magnitude of the parameter λ dictates the direction of heat transfer. From this figure we can also see that, the increasing effect of λ is to decrease the magnitude of temperature in the boundary layer, and hence there is heat transfer from sheet to liquid. Fig. 4 shows the effect of the Prandtl number on the heat transfer. Increasing the Prandtl number (Pr) will decrease the temperature. That is, an increase in the Prandtl number is to decrease the thickness of the thermal boundary layer. Also this phenomenon is true with λ .
However, quite opposite is true with the other parameters. 
